Physico-Chemical Studies of Biological/Biochemical Systems by Mujeeb, Suboohi
PHYSICO-CHEMICAL STUDIES OF 
BIOLOGICAL/BIOCHEMICAL SYSTEMS 
DISSERTATION 
SUBMITTED IN PARTIAL FULFILMENT OF THE REQUIREMENTS 
FOR THE AWARD OF THE DEGREE OF 
IN 
CHEMISTRY 
• m 
SUBOOHI MUJBEB 
Under the Supervision of 
Prof. Bilquis N. Waris 
DEPARTMENT OF CHEMISTRY 
ALIGARH MUSLIM UNIVERSITY 
ALIGARH ( INDIA) 
2005 
filial Vmv^^$^ 
-vi> 
2 0 JUL ?009 
DS3631 
Dedicated 
to my 
beloved father 
(Late) Mr. Mujeeb Hasan 
DEPARTMENT OF CHEMISTRY 
ALIGARH MUSLIM UNIVERSITY 
A L I G A R H —202 002 
Phones ,Ext. (0571)7035 15 
'Int. 317. 318 
Z)«/f^..?^^,.:.^.:^.^.^7. 
CERTIFICATE 
This is to certify that the dissertation entitled "Physico-Chemical 
Studies of Biological/Biochemical Systems" is the original work carried 
out by Ms.Suboohi Mujeeb under my supervision and is suitable for the 
award of M.Phil degree in chemistry. 
Prof. Bilquis Nasim Waris 
ACKNOWLEDGEMENT 
^ eoox/i to. expneaor tiicf frio^ocoieC ^ natttude, neAftect, aH<C AoHottn. 
to mtf. venenojUc ^u>fiefwcAOfi "Pn^. 'SU^tiiA ntoAutc lOaniA ^ Aen> 
exceUcitt ^'ftinit, iUuHUHoUuc iznd ^i/ieccouiX ^ucdcutce coHOt^XHt 
^ufot'wiAcoH' and aUtccat oplHiOK «U<nui^ tAe cvAole coctnae^ o^ 
(HOtatc^atcoK. ^eA^Utc 4 ^ 6uAt^ ^cAedutc, j4e iuid <t cviond o^ CUUACCC 
to- o^^ cuAeHeven it to^tA KcedecC. 'TOuAocct ^en- i*tAiate*tt Ael^ cutcC 
^utdcutcc, ^ cvould ^ave- tiwen. 6e€*t ci6lc to co*Kftlete' auf 
cUAAentettiOK. 
^ tootdeC UAc to- exftfteAA **uf, ^eeUn^ o^ ^nate^eUtteoA to 'Prto^. 
TCa^ifueddiH^, tAc eAdOtmcut-, ^eftantment o^ ^Ae4HcAt'Uf, /i/JfCtC, 
/4U^anA, ^ot ftnovidiH^ eoK^e*Uat eicaeUmcc ottKOA^frAene and 
tctJ^ofiatone^ ^oclUtceA.. 
^ eanKeAtti^ mcUU- AiHCvte tA^tKAA to 'D%. S€i^ee4a, ^Uifvl 
^»td ^ » . ^i^afeceUuH^ ^on- t^ein- eoopenatiOK CIHCC ^CKenoccA Atcft^tont. 
^ a*H- tAoHA^ut to mtf- ta6- eolUci^ue^ and ^tceMda. ^ tAecn. 
cH^fUHcU Au^t^Mftt ctttd eKeo<(n<u^e*He*ct. 
UfonJi (Mne to- ctct OA <^ p(%cven^cU> Mi&tciMsitiaH' cHr t$it^ c^^nt. 
^ euH- eila^ tAotU^ut to- "THn^. 'TCa^eU^ /4. 'KAcuc eo/io-
Suboohi Mujeeb 
ABSTRACT 
Density, viscosity and conductance measurements have been made 
as functions of temperature and concentration of Trehalose in their 
respective systems 
The densities of the said systems have been found to increase 
with increase in concentration and decrease with increase in temperature. 
The partial specific volumes of the systems were calculated from density 
data, which decreases with increase in temperature. The values of partial 
specific volume reflect the compactness or stability of protein molecule. 
The viscosity and its derived parameters provide information 
regarding the shapes and sizes of the molecules, as compact, globular or 
flexible random coils. Viscosity of all systems increases with increase in 
concentration and decreases with increase in temperature. The intrinsic 
viscosity has been used to detect and study the conformational changes in 
proteins. The values of intrinsic viscosity increase with increase of 
temperature. For native globular proteins, intrinsic viscosity is of the 
order of 3-4ml/gm, but in our Trehalose-NaCl-Ovalbumin water system 
the globular form of protein was retained until 40 °C and above 40 °C due 
to the presence of Trehalose. 
From the conductance data certain derived parameters such as 
Equivalent conductance and Walden product have been evaluated. The 
Equivalent conductance of the said systems increase with temperature 
and decreases with rising concentration, this is because the average 
kinetic energy of ions which carry electric current increases due to rise in 
temperature. The decrease in the equivalent conductance with increasing 
viscosity is predicted by the parameter Walden product. The Walden 
product of Trehalose-NaCl-water system slightly decreases with increase 
in temperature as well as concentration. 
From the density and viscosity data we also derived certain 
thermodynamic parameters such as Entropy, Enthalpy and Free energy of 
stabilization (AG*stab)- The free energy of stabilization in all the three 
systems is negative indicating the greater spontaneity and speed of the 
process/reaction occurring in the studied system. 
The formation of solid (glass) is also observed at a particular 
concentration of cosolvent (stabilizer) indicated by the minimum value of 
conductance in all the three systems. The value of Tg of Trehalose in 
water and Tg of protein in Trehalose-NaCl solution are computed, which 
are indicative of bioprotectiveness of stabilizer. 
CONTENTS 
GENERAL INTRODUCTION 01 -09 
EXPERIMENTAL 10-16 
CHAPTER-1: Density and Its Related Parameters 17-26 
CHAPTER-2: Viscosity and Its Related Parameters 27-39 
CHAPTER-3: Conductance and Walden Product 40-58 
CHAPTER-4: Thermodynamic Parameters 59-72 
REFERENCES 73-78 
General Introduction 
Proteins are the most abundant biological macromolecules, 
occurring in all cells and all parts of cells. These are the molecular 
instruments through which genetic information is expressed. Proteins are 
constructed from the same ubiquitous set of 20 amino acids covalently 
linked in characteristic linear sequence. These may be classified on the 
basis of their solubility, shape, biologic function or three-dimensional 
structure. The globular proteins are more abundant and thus are more 
commonly studied. In their natured 3D (three dimensional) state, they are 
present as compactly folded polypeptide chains [I]. 
The globular proteins have compact,yet soluble structure because 
their peptide chains frequently change direction. Highly organized Helix-
loop-Helix illustrates these changes in direction. [2] 
Studies of organization and thermal stability of proteins have 
been the focus of investigation in biochemistry for decades [3]. In past, 
several indirect methods have been used to investigate the folding of 
proteins. Most common among them include the determination of amino 
acid sequence and its correlation with structures, the study refolding 
experiments using denaturants, theoritical modelling using computer 
simulations and the thermodynamic analysis of conformation involved in 
process of folding. 
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A quantitative evaluation of the thermodynamic stabiHty of the 
native protein structure in solution essentially require measurements of 
thermodynamic changes as protein unfold from a native state into a fully 
solvated random coil [4]. Chemical denaturation carried out by addition 
of high concentration of selected salts or cosolvents or change in pH of 
protein solution is believed to yield a more fully solvated random coil, 
although there is still considerable debate about the actual final states 
induced by various chemical denaturants. Likewise thermal unfolding 
experiments performed in the presence of a chemical denaturants are 
complicated by the uncertainty on the initial state of the native protein in 
the denaturant medium. 
X-ray diffraction data for globular proteins have revealed that they 
have a precisely defined equilibrium structure in the native state and the 
packing densities of atoms or groups within the molecules are as high as 
those found for crystalline amino acid and small organic compounds. 
These data suggest a compact rigid and static structure of globular 
proteins. Nevertheless there is a considerable body of experimental 
evidence showing that some packing defects or cavities may exist that 
permit sizable internal motions and flexibility in response to thermal or 
mechanical forces. However a full understanding of the role of 
fluctuation in protein functions and biochemical phenomenon will require 
further detailed information on the magnitude of the flexibility or rigidity 
of protein molecules in solutions and on the flexibility structural 
relationship. [3-5]. 
The structure of a protein is mostly stabilized by hydrogen 
bonding. Denaturation is a reversible process for many proteins. In many 
dpnaturation processes, hydrogen bonded structures are disrupted within 
the ordered portion of the native structure. By denaturation one means 
that class of reactions which lead to changes in the structure of the 
macromolecules with no changes in molecular weight. The actual extent 
of unfolding depends on temperature and ionic strength. 
The two major classes of molecules,Carbohydrates(simple and 
complex sugars) and Lipids play an extensive role in the body.Sugars in 
particular perform an astonishing range of jobs.Once regarded mainly as 
energy yielding molecules and as structural elements, they are now 
knovm to combine with proteins on cell surfaces and so situated to 
influence cell to cell communication,the functioning of the immune 
system,the ability of various infectious agents to make us sick and the 
progression of cancer.They also help to distinguish one cell from another 
and to direct the trafficking of mobile cells throughout the body among 
other tasks. [6]. Sugar solutions have large effect on the structure and 
various other properties of proteins including their solubility, 
denaturation etc. has been known for many years that sugars may protect 
proteins against loss of solubility during drying and may inhibit heat 
coagulation. [7]. 
Proteins are generally stabilized by a combination of hydrogen 
bonding, electrostatic interactions and hydrophobic interactions.Out of 
these three the hydrophobic interactions provide the major contribution in 
stabilizing the globular form of proteins. In discussing the effect of 
Trehalose on the stability of Ovalbumin, we have to consider the effect of 
Trehalose sugar on these various forces and interactions. 
In aqueous solution of protein there is a cooperative hydrogen 
bonded structure in which water competes as both donor and acceptor 
with the backbone and side chain groups in the protein. When sugar is 
added to the protein solution the individual OH group of sugar may also 
compete for hydrogen bonding but this effect is very small. The aqueous 
solutions of sugars have lower dielectric constant [8] than pure water 
indicating that the electrostatic interactions should be stronger in these 
solutions in pure water. However this contribution to the stabilizing effect 
must be relatively small as compared to the hydrophobic interactions. 
Evidence derived from both spectroscopy and thermodynamics 
showed that sugars interact with water to an extent, which depends upon 
their molecular structure. Sugar molecules induce structure in the water 
molecules surrounding them. The protective action of sugars on proteins 
can be attributed to the fact that sugars may replace a certain number of 
water molecules that are hydrogen bonded to the structure in a way 
similar to water itself creating a hydroph> surface. This would result in 
a solvent system where the exposed peptide attached with nonpolar 
groups in the native protein molecule would have a tendency to enter into 
the protein interior due to unfavorable environment produced by sugar 
molecules. [9]. 
Few workers [10-11] have calculated the various thermodynamic 
parameters of activation viscous flow by least square fitting, the densities 
and viscosities data to empirical equations stating their dependence on 
temperature and composition of the mixtures. These parameters suggest 
the type and strength of interaction between the components of mixture. 
Enthalpy, Entropy and Free energy are the thermodynamic parameters; 
these parameters are the sole criterion for predicting the spontaneity or 
the feasibility of a process. 
Free energy calculations using Molecular dynamics or Monte Carlo 
simulations technique have become a common tool in the study of many 
chemically and biologically important systems. [12-13]. The 
determination of the free energy difference between two states is now in 
theory at least a relatively straightforward calculations. 
In the course of recent study of the various solvents effects on the 
processes of protein folding and association, a tentative conclusion was 
obtained that the contribution of the solvent induced interaction between 
two hydrophilic functional groups to the free energy changes of these 
processes may be more important than the corresponding solvent induced 
interaction between two hydrophobic groups. [14]. 
Creighton reported that hydrophobic interaction alone cannot 
account for the temperature dependence of protein stability,and reached 
the conclusion that intramolecular hydrogen bonds contribute to the net 
stability of proteins. [15-16]. 
Trehalose is among the most chemically unreactive and stable 
sugars in nature. From general point of view Trehalose (a-D 
glucopyranosil-a-D glucopyranoside), Maltose (4-0-a -D glucopyranosil 
D-glucose) and Sucrose (a-D glucopyranosil P-D-fiructofuronoside) have 
the same chemical formula (CiiHiiOn) M.W=342.3 but have different 
structures, which could account for the differences in the stabilization 
effects. [17]. 
Green and Angell [18-2?] suggested that the destructuring 
effectiveness of Trehalose is related to its higher glass transition 
temperature. (Tg). Trehalose-water is a fragile liquid, which exhibits 
pronounced changes in the transport properties, as Tg is approached. This 
system is interesting because it is likely to be of fundamental importance 
for applications relevant to biological stabilization. More recently the 
ability of Trehalose to preserve mammalian cells during freezing and 
drying has been highlighted. [i9]. In addition it has been shown that 
among the three disaccharides. Trehalose promotes the most substantial 
destucturing effect on the tetrahedral H-bond network of pure water. 
A series of quasielastic neutron scattering (QENS) experiments 
(20-22) suggest that Trehalose significantly affects the dynamics of water 
molecules in its environment, consistent with the presence of a series of 
hydration layers or shells, each of which characterized by a relatively 
slow diffusion. Such a result was confirmed by Brady and coworkers 
(1977) in a recent molecular dynamics study. [23]. This slowing effect 
has also been observed in aqueous mixtures of Trehalose with Sodium 
Chloride. [24]. Cordone et.al (1998) suggests that Trehalose coating 
prevent thermal denaturation by damping large-scale fluctuations of 
protein specific motions. [25]. 
Clear evidence is found in the literature that Trehalose is a 
nonreducing disaccharide of glucose and is synthesized by molecular and 
cellular systems e:g plant seeds ,spores ,cysts of certain crustaceans.Other 
sugars such as Maltose ,Sucrose and Glucose have shown similar 
properties to protect against dehydration but Trehalose was found to be 
significantly more effective. [26-30]. 
The comparative characterization of these three disaccharide's 
(Maltose, Trehalose, Sucrose) seems to be one of the best ways to get 
information on the properties which mostly influence the bioprotection. 
For this reason a lot of studies have been performed to characterize all 
their relevant physico chemical properties. [31]. The literature survey 
indicates that the sugar water interactions could play a key role in sugar 
bioprotective action. 
Trehalose in comparison to Maltose and Sucrose showed a higher 
interaction strength with water which give rise to a greater value of the 
hydration number (throughout the investigated temperature range). [32]. 
Higher value of Tg (glass transition temperature) of sugars indicates 
bioprotectiveness. [33]. 
Despite a lot of information that has been obtained on the stability 
of proteins by different sugars .The volumetric, conductometric and the 
viscometric behaviours of Ovalbumin in presence of Trehalose has not 
been studied so far. Therefore, in the present work we have tried to 
investigate the effect of Trehalose on the stability of Ovalbumin by 
studies on the following systems. 
1. Trehalose-water system 
2. Trehalose-Nacl-water system 
3. Trehalose- Nacl-Ovalbumin-water system 
Experimental 
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Materials and Methods 
Trehalose was purchased from Sisco Research Laboratory Pvt Ltd 
Mumbai, India and was used without further purification. Four solutions 
of different concentration of Trehalose 0.018,0.038,0.048,0.058 M were 
prepared by dissolving Trehalose in double distilled water. Also 0.8M 
Sodium Chloride solution was prepared by dissolving in double distilled 
water. After making solutions, Trehalose and Nacl solution were mixed 
with each other. The third sets of solutions having the same concentration 
of Trehalose were prepared by mixing Trehalose and Nacl solution along 
with a constant amount of Ovalbumin (crystallized and lyophilized, 
essentially salt free). Ovalbumin was purchased from Sigma and used 
without ftirther purification. 
The density, viscosity and conductance measurements were carried 
out for the following systems: 
1. Trehalose-Water system 
2. Trehalose-Nacl-Water system 
3. Ovalbumin- NaCl-Water system 
4. Trehalose-NaCl-Ovalbumin-Water system 
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Temperature Control 
For the measurements of density, viscosity and conductance a 
thermostated paraffin bath was used to maintain a uniform temperature. 
The paraffin bath was about 5 litre capacity in which an immersion heater 
(1.0 kW), an electric stirrer (Remi make) a check thermometer and a 
contact thermometer were immersed. A relay [Jumo type NT 
15.00,220Vw6A(GDR)] was used to control the variation in temperature. 
Calibration of Pyknometer 
Pyknometer is an apparatus for measuring the density of a liquid. It 
consists of a small rounded bulb with a flat bottom (of about 5-mI 
capacity) and a graduated stem for measuring the density of the 
experimental liquid. It is etched with very fine marks; each mark on the 
stem of the Pyknometer was calibrated using double distilled water. The 
dried and clean Pyknometer was weighed and filled with double distilled 
water. Filled Pyknometer was weighed again, by the difference of these 
two masses, the massof the distilled water was determined. Then the 
Pyknometer was immersed in the paraffin bath maintained at required 
temperature, and changes in volume were noted as a fianction of 
temperature, and thus in this way each mark of the stem was calibrated. 
The density of the distilled water at different temperatures required for 
calibration was given by the standard equation 
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p=A-Bt-Ct^ 
Where A, B and C are constants and the values of A, B and C are 
1.000525,2x10'^ and 4.72x10'^ respectively, t is the temperature in 
C.From the known values of mass and density of water, the value 
corresponding to each mark of the Pyknometer was determined. 
Reproducibility of calibration was checked by repeating the above 
procedure with different weights of distilled water. 
Using the known values of mass and volume, the densities at the 
required temperature were determined. The values of the observed 
densities were compared with those of the reported one. It was found that 
the accuracy of the measurement was within ± 0.0002gm cm"^ . The 
densities of the test solution were determined by using the calibrated 
Pyknometer. 
Measurement of Viscosity 
Canon-Ubblehode viscometer was used for the measurement of 
viscosities of solution. The viscometer consists of three parallel arms viz.; 
receiving, measuring and auxiliary for forming the suspended level 
arrangement in a triangular fashion. The measuring arm has a fine 
capillary tube with two bulbs A and B. It forms a 'U' with the receiving 
arm. The measuring is etched with two marks (a&b) one above the bulb B 
and the other below the bulb B. The two marks (a&b) were used to record 
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the time of fall of the solution. The auxiliary arm was sealed to the 
receiving arm through a bulb C. In between the bulb B and C; there is a 
fine capillary of suitable dimensions. The viscometer was designed in a 
manner that the center of gravity of the bulbs A, B and C was aligned 
vertically to reduce the effect of acceleration due to gravity and resulting 
efflux time for water was set at room temperature (depending upon the 
dimensions of viscometer). In order to minimize the experimental errors, 
capillary effects of the liquid surfaces were neutrilized by each other, so 
that the surface tension correction for the apparatus was negligible and 
the transport of momentum was carried out freely under the weight of the 
total volume of the test liquid. 
The calibration of viscometer was done by distilled water. A 
sufficient amount of distilled water was filled into the bulb A to avoid 
any air bubble being introduced into the capillary arm while the bulb was 
filled. The viscometer was clamped in a thermostat paraffin bath keeping 
the measuring arm perfectly vertical. The viscometer was allowed to 
stand in the thermostat for half an hour to minimize thermal fluctuations. 
Then the distilled water was sucked into the measuring bulb with 
the help of vaccum pump. The time of fall of the distilled water from the 
upper mark 'a' to lower mark 'b' was recorded several times and the 
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mean of very close readings was determined at each required 
temperature. A stopwatch was used for measuring time. 
Viscosities (tj) were calculated using Poisuille's Equation: 
Ti =(nphgrV(8LV) 
Where, h=height of the liquid column in the viscometer 
p=Density of solution 
g=acceleration due to gravity 
r=radius of the capillary of the viscometer 
L=Length of the capillaries 
T=time of fall of the test liquid of volume V to fall through 
capillary. 
The above expression can also be written as: 
Tl=P.pt 
Where P=(nhgr^)/(8LV) 
3 is a constant for particular viscometer. Its value has been calculated by 
making use of the reported values of viscosities of distilled water at 
several temperatures. The accuracy of the calibrated viscometer was 
checked by measuring the viscosities of distilled water at test 
temperatures and then comparing the experimental value with the 
reported ones. The accuracy was found to be + 0.2%. 
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Resistance Measurement 
The measurement of resistance has been done by an instrument 
named 'GR 1657 RLC Digibridge'. It is a simple device to determine the 
resistance in liquids with high degree of accuracy. The RLC Digibridge is 
a multifrequency 120 Hz/1 kHz instrument, but a single frequency of 1 
kHz was used for the measurement of resistance in the experimental 
range. 
The instrument was adjusted in the following ways, 
(1) Glass conductivity cells with platinized platinum electrodes were 
used for all measurement. The value of the cell constant is 0.98 
cm'. 
(2) The cell was provided by extender co-axial cables with the 
instrument. 
(3) Before switching on the instrument fill the measuring cell with test 
solution and immerse in thermostatized bath maintained at required 
temperature. 
(4) Set the line voltage switch, connect the power cord and press the 
power button, allow 5 minutes for warm-up for accuracy 
determination. 
(5) Set the pushbuttons of the instrument according to the desired 
measurement as follows: 
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(A) For measuring the resistance press R button. 
(B) For measurement at 1 kHz push and release the frequency button 
until the 1 kHz light comes on. 
(C) For parallel equivalent circuits push and release the parallel/series 
button until the parallel light comes on. 
(D) Depress the middle (range 2) button first and watch the adjust 
range light. If the right pointing arrow is lighted, depress range 
button at the right, if the left pointing arrow is lighted depress the 
range button at the left. When neither arrow is lighted the range we 
select is correct. 
(E) Read the measurement on the main display. The RLC display is the 
principal measurement complete with decimal point and units, 
which are indicated by the light. 
Once the resistance is known the conductance of the liquid can be 
calculated with the help of the relation: 
C=l/R 
CHAPTER 1 
Density and its 
related parameters 
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Introduction: 
The volumetric behavior of solute in solution provides very useful 
information related to solute-solvent interactions. The partial specific 
volume at infinite dilution gives the structural information and provides 
knowledge about the interaction phenomenon associated with solvation 
processes. Since the partial specific volume is independent of solute-
solvent interactions. 
Various investigations on volumetric parameters have been done 
by using carbohydrates [34-35] amino acids [36-37] peptides [38-39] and 
proteins [40-42] in aqueous as well as mixed solvents. 
Sugar solutions have large effects on the structure and properties of 
proteins including their solubility, denaturation etc. In literature there are 
reports about the effect of sugars on the stability of protein and enzymes 
[43-45]. Therefore in order to study the behavior of protein in sugar we 
have studied the partial specific properties of the proteins system 
described earlier. 
Theory: 
Vo=(p-C)/po _(1) 
V° = limC->0 [(l-Vo)/C] _ (2) 
18 
Where C is the concentration in (M) of the solution, Vo is the 
apparent volume fraction of the solvent in solution and v" is the partial 
specific volume of the protein. 
Molar volume of the mixtures was calculated from the corresponding 
mixture densities, and by the following relation 
V„,=lX,Mi/p 1=1,2,3-- _(3) 
Result: 
The partial specific volume at infinite dilution V° was determined 
by linear extrapolation of the apparent specific volume (I-VQ/C) to zero 
concentration. The apparent volume fraction of VQ, the apparent specific 
volume (I-VQ/C) and the partial specific volume are recorded in tables. 
The partial specific volume of a protein in solution consist of three 
factors [46] (a) the constitutive atomic volume (Vc), (b) the volume of the 
cavities formed due to imperfect packing of atoms or groups (Vcav) and 
(c) the volume change due to solvation (AVsoi) 
V° = Ve + Vcav +AVsol 
Here the constitutive atomic volume is considered to be highly 
incompressible. Vcav involves (1) the incompressible voids formed by the 
closest packing of atoms or groups and (2) the compressible voids formed 
by the random close packing of atoms.AVsoi consists of three contributing 
effect (1) the electrostatic solvation of ionic groups (2) hydrogen bonded 
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hydration of polar groups and (3) hydrophobic hydration of non-polar or 
hydrophobic groups. Each of them contribute negatively to AVsoi[47]. 
Therefore AVsoi also contributes negatively to v" but the term Vcav 
contributes positively and both terms have been known to tend to cancel 
each almost completely. This makes its possible to calculate the partial 
specific volume of a protein as the sum of constitutive atomic or group 
volumes. [48-51]. 
The comparison of experimental values of densities in table 1(b) 
and 1(c) indicate a decrease in density values an addition of protein in 
Trehalose-NaCl-Water mixtures. The extent of decrease becomes larger 
as temperature increases.This decrease in density values of mixture is in 
accordance of recent work reported by Angell C.A(2005) [52],where he 
mentioned the density gaps in liquid-liquid transitions at constant 
pressure. An examination of table shows that the partial specific volume 
V° by the addition of protein to the Trehalose solution decreases partial 
specific volume. The decrease in the value of V° after the addition of 
protein may be attributed to the fact that the presence of sugar strengthens 
the pair wise hydrophobic interactions between the hydrophobic groups 
[53] of the protein molecule thus maintaining the globular form of the 
protein in solution. When the protein undergoes denaturation random 
coils are formed therefore, there is an increase in the value of V°. A sharp 
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decrease in the value of partial specific volume of Trehalose-water 
system also indicates the formation of glass of Trehalose in water at 328" 
K (Fig 1). This phenomenon has been previously reported by number of 
scientists. [18-19]. 
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rable 1: Experimental values of density p (gm cm'^ ) as functions of 
temperature and concentration for the following systems 
(a) Trehalose - Water System 
Cone. Temperature (K) 
^^^ 293.15 298.15 303.15 308.15 313.15 318.15 323.15 328.15 333.15 
0.018 0.9993 0.9975 0.9957 0.9939 0.9921 0.9903 0.9885 0.9867 0.9849 
0.038 1.005 1.0027 1.0005 0.9982 0.996 0.9937 0.9915 0.9892 0.987 
0.048 1.0051 1.0030 1.001 0.9989 0.9969 0.9948 0.9928 0.9907 0.9887 
0.058 1.0108 1.0085 1.0062 1.0039 1.0016 0.9993 0.9970 0.9947 0.9924 
(b) Trehalose - NaCI Water System 
Cone. Temperature (K) 
(M) 293.15 298.15 303.15 308.15 313.15 318.15 323.15 328.15 333.15 
0.018 1.0248 1.0220 1.0193 1.0165 1.0146 1.0110 1.0083 1.0055 1.0028 
0.038 1.0211 1.0189 1.0168 1.0146 1.0125 1.0103 1.0082 1.0060 1.0039 
0.048 1.0264 1.0240 1.0215 1.0191 1.0166 1.0142 1.0117 1.0093 1.0068 
0.058 1.3970 1.3935 1.3899 1.3864 1.3828 1.3793 1.3575 1.3722 1.3686 
(c) Trehalose - NaCl - Ovalbumin Water System 
Temperature (K) 
293.15 298.15 303.15 308.15 313.15 318.15 323.15 328.15 333.15 
0.018 1.0188 1.0162 1.0136 1.0110 1.0084 1.0058 1.0032 1.0006 0.9980 
0.038 1.0180 1.0160 1.0140 1.0120 1.0100 1.0080 1.0060 1.0040 1.0020 
0.048 1.0199 1.0178 1.0158 1.0137 1.0117 1.0096 1.0076 1.0055 1.0035 
0.058 1.0213 1.0191 1.0169 1.0147 1.0125 1.0103 1.0081 1.0059 1.0037 
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Table 2: Molar volume ^ as functions of temperature and concentration 
i P 
for the following systems. 
(a) Trehalose - Water System 
Cone. Temperature (K) 
(M) 293.15 298.15 303.15 308.15 313.15 318.15 323.15 328.15 333.15 
0.018 6.8525 6.8649 6.8773 6.8897 6.9022 6.9148 6.9274 6.9400 6.9527 
0.038 14.4559 14.4884 14.5209 14.5537 14.5866 14.6196 14.6528 14.6861 14.7196 
0.048 18.3313 18.3687 18.4063 18.4441 18.4820 18.5214 18.5584 18.5981 18.6357 
0.058 21.9706 22.0207 22.0710 22.1216 22.1724 22.2234 22.2747 22.3262 22.3779 
(b) Trehalose - NaCl Water System 
Cone. Temperature (K) 
(M) 
(M) 
293.15 298.15 303.15 308.15 313.15 318.15 323.15 328.15 333.15 
0.018 6.5344 6.5520 6.5696 6.5874 6.6001 6.6232 6.6413 6.6595 6.6778 
0.038 13.8573 13.8866 13.9159 13.9454 13.9750 14.0048 14.0346 14.073 13.930 
0.048 17.7659 17.8084 17.8511 17.8940 17.93 17.1804 18.0240 18.0677 18.1117 
0.058 11.4554 11.4845 11.5139 11.5434 11.5730 11.6028 11.7891 11.6628 11.6931 
(c) Trehalose - NaCl Ovalbumin Water System 
Cone. Temperature (K) 
293.15 298.15 303.15 308.15 313.15 318.15 323.15 328.15 333.15 
0.018 6.5354 6.5521 6.5689 6.5858 6.6028 6.6199 6.6370 6.6542 6.6716 
0.038 13.9363 13.9637 13.9913 14.0189 14.0467 14.0745 14.1025 14.1306 14.1588 
0.048 17.6203 17.6558 17.6914 17.7272 17.7631 17.7992 17.8354 17.8717 17.9082 
0.058 21.5226 21.5691 21.6158 21.6626 21.7097 21.7570 21.8045 2J.852] 2J.9008 
23 
Table 3: Apparent volume fraction (Vo) as functions of temperature and 
concentration for the following systems. 
(M) 
(M) 
(a) Trehalose - Water System 
Cone. Temperature (K) 
^^^ 293.15 298.15 303.15 308.15 313.15 318.15 323.15 328.15 333.15 
0.018 0.9816 0.9817 0.9819 0.9820 0.9821 0.9822 0.9823 0.9824 0.9826 
0.038 0 9673 0.9669 0.9666 0.9662 0.9658 0.9655 0.9651 0.9647 0.9643 
0.048 0.9574 0.9572 0.9570 0.9569 0.9567 0.9564 0.9563 0.9561 0.9559 
0.058 0.9531 0.9527 0.9522 0.9518 0.9513 0.9509 0.9504 0.9500 0.9495 
(b) Trehalose - NaCl Water System 
Cone. Temperature (K) 
293.15 298.15 303.15 308.15 313.15 318.15 323.15 328.15 333.15 
0.018 1.0071 1.0063 1.0012 1.0048 1.0048 1.0032 1.0024 1.0288 1.0007 
0.038 0.9834 0.9832 0.9829 0.9827 0.9825 0.9822 0.9820 0.9818 0.9815 
0.048 0.9788 0.9782 0.9777 0.9771 0.9766 0.9760 0.9755 0.9749 0.9744 
0.058 1.3395 1.3385 1.3376 1.3367 1.3357 1.3347 1.3153 1.3328 1.3319 
(c) Trehalose - NaCl - Ovalbumin Water System 
Cone. Temperature (K) 
293.15 298.15 303.15 308.15 313.15 318.15 323.15 328.15 333.15 
0.018 1.0012 1.0005 0.9999 0.9992 0.9986 0.9979 0.9972 0.9966 0.9959 
0.038 0.9803 0.9803 0.9802 0.9801 0.9800 0.9799 0.9798 0.9797 0.9796 
0.048 0.9722 0.9721 0.9719 0.9717 0.9716 0.9714 0.9713 0.9711 0.9710 
0.058 0.9636 0.9633 0.9630 0.9626 0.9623 0.9620 0.9617 0.9613 0.9610 
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Table 4: Apparent specific volume Vo = —— (L/mol)as functions of 
temperature and concentration for the following systems. 
(b) Trehalose - Water System 
(M) 
Cone. Temperature (K) 
^^^ 293.15 298.15 303.15 308.15 313.15 318.15 323.15 328.15 333.15 
0.018 1.0222 1.0166 1.0055 1.0000 0.9944 0.9888 0.9833 0.9777 0.9666 
0.038 0.8605 0.8710 0.8789 0.8894 0.9000 0.9078 0.9184 0.9289 0.9394 
0.048 0.8875 0.8916 0.8958 0 8979 0.9020 0.9083 0.9104 0.9145 0.9187 
0.058 0.8086 0.8155 0.8241 0.8310 0.8396 0.8465 0.8551 0.8620 0.8706 
(b) Trehalose - NaCl Water System 
Cone. Temperature (K) 
293.15 298.15 303.15 308.15 313.15 318.15 323.15 328.15 333.15 
0.018 -0.3944 -0.3500 -0.0666 -0.2666 -0.2666 -0.1777 -0.1333 -1.6000 0.0388 
0.038 0.4368 0.4421 0.4500 0.4552 0.4605 0.4684 0.4736 0.4789 0.4868 
0.048 0.4416 0.4541 0.4645 0.4770 0.4875 0.5000 0.5104 0.5229 0.5333 
0.058 -5.8534 -5.8362 -5.8206 5.8015 -5.7879 -5.7706 -5.4362 -5.7379 -5.7224 
(c) Trehalose - NaCl - Ovalbumin Water System 
Cone. Temperature (K) 
^^^ 293.15 298.15 303.15 308.15 313.15 318.15 323.15 328.15 333.15 
0.018 -0.0666 -0.0277 0.0055 0.0444 0.0770 0.1166 0.1555 0.1888 0.2277 
0.038 0.5184 0.5184 0.5210 0.5236 0.5263 0.5289 0.5315 0.5342 0.5368 
0.048 0.5791 0.5812 0.5854 0.5895 0.5916 0.5958 0.5979 0.6020 0.6041 
0.058 0.6275 0.6327 0.6379 0.6748 0.6500 0.6551 0.6603 0.6672 0.6724 
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Table 5: Partial specific volume Vo(L/mol) as a function of temperature. 
Temperature (K) Trehalose-Water Trehalose NaCl- Trehalose-NaCl-
System Water System Ovalbumin -
Water System 
293.15 
298.15 
303.15 
308.15 
313.15 
318.15 
328.15 
1.0957 
1.0881 
1.0714 
1.0641 
1.0555 
1.0466 
1.0384 
2.8745 
2.9338 
2.5188 
3.0267 
3.0179 
3.1247 
2.9957 
0.3041 
0.2569 
0.2164 
0.1695 
0.0784 
0.0807 
0.0326 
338.15 1.0307 1.2712 0.0070 
333.15 1.0150 2.8296 0.0551 
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Figure 1: Plot of Partial Specific volume (v°) as a function of Temperature for the 
following systems. 
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CHAPTER 2 
Viscosity and its 
related parameters 
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Introduction: 
Viscosity measurements have been proven to be sensitive and 
accurate for studies in solution. [54]. The study of viscous behaviour of 
proteins in solutions is important in understanding the mechanism of 
transport processes. Viscosity and its derived parameters provide valuable 
information regarding the shape and size of these macromolecules. The 
sensitivity of viscosity to molecular structure makes its useful for 
monitoring the processes that result in changes in the shapes and size of 
the molecules such as denaturation of proteins. 
In order to study the behaviour of Trehalose in electrolyte and in 
Ovalbumin solutions, we have employed the study of the viscometric 
properties. 
Theory: 
Let us consider that the viscosity of a solvent is T|O. On addition 
of Trehalose to the solvent, the viscosity of the solvent increases to a new 
value r|. The ratio of solution to a solvent viscosity (Ti/r|o) is Relative 
viscosity, 
riRei =11/^0 _(1) 
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The change in viscosity is generally expressed in terms of Specific 
viscosity, 
Tlsp='n/Tio-l _ (2) 
As the concentration of the Trehalose in the solution increases the 
Specific viscosity also increases. The quantity i^ sp in the limit of infinite 
dilution is proportional to the concentration C measured in grams per 
litre. Thus the quantity r|sp/C is called the Reduced viscosity. 
The plots of Tisp/C are linear for dilute solutions. On extrapolating 
the curve to zero concentration, we get the intercept on the y-axis. This 
intercept indicates the value of intrinsic viscosity of a protein. 
Result and Discussion: 
The viscosities of Trehalose in electrolyte and in Ovalbumin 
solutions at different concentrations are shown in tables from 6(a-c). As 
seen in the tables, viscosity (r|) decreases with the increase in 
temperature. It is due to the fact that as the temperature is increased the 
solution becomes more active. The tables also show an increase in the 
value of viscosity with an increase in the concentration of the solution. 
The increase in concentration of the solute increases the neighbouring 
portions of the solutions and therefore it increases viscosity. 
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Viscosity versus temperature graphs is plotted for solutions and the 
plots are nearly linear as shown in figure 2(a-c), but some increasing 
viscosity is observed at 0.058 (M) in Fig. 2(b) & (c). 
Specific viscosity (rjsp/C) was calculated by using eqn (2). The 
values of Specific viscosity are shown in tables 7(a-c). The Specific 
viscosity is the concentration dependent quantity its value increases with 
the increase in the concentration of the Trehalose. But there is no regular 
pattern with respect to temperature. 
Reduced viscosity T]red data are shown in tables 8(a-c). Initially the 
Reduced viscosity does not show any concentration dependence.But 
afterwards a minima was observed in fig 3(a)and(b) both at same 
concentration(0.048 M) and that was also observed in fig 3(c) at another 
concentration(0.038 M). These minimas are indication of glass(solid) 
formation at these concentrations which is confirmed by other techniques 
also. 
The Intrinsic viscosity is obtained by plotting the Reduced viscosity 
as a function of concentration and extrapolating it to C=0, so the Intrinsic 
viscosity is the Reduced viscosity at infinite dilution. 
The values of Intrinsic viscosity of native state of Ovalbumin lie 
bet\veen 3-4 ml/gm in the temperature range of 25 to 40 °C and its value 
goes on increasing with increase in temperature upto 25 °C but in our 
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(Trehalose-Nacl-Ovalbumin) system due to the nature of Trehalose as a 
good stabilizer, the globular form of protein was retained at 40 °C and 
even above 40 ''C as shown in table 9. Figure 4 shows the stepwise 
stabilization of modified protein in presence of Trehalose. Finally the 
value of Intrinsic viscosity of protein changes with increase of 
temperature.figure 4 shows a maxima obtained at 298 ^Kand minima at 
318 ^k reflecting the stabilization and denaturation of protein molecule in 
different environments. 
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Table 6: Viscosity values r[xlO^ (kgrn'^s'') as functions of temperature and 
concentration for the following systems. 
(a) Trehalose - Water System 
Cone. Temperature (K) 
(M) 293.15 298.15 303.15 308.15 313.15 318.15 323.15 328.15 333.15 
0.018 10.0168 9.1004 8.3736 7.2909 6.9150 6.4595 5.6599 5.5481 4.8637 
0.038 10.0737 9.3469 8.8144 7.7080 7.7133 6.8807 5.9607 6.0680 5.3613 
0.048 11.0824 10.1456 9.6207 8.0992 7.2379 5.4880 5.5897 5.5708 4.8824 
0.058 11.1453 10.2008 9.0663 8.3332 8.1448 7.8218 7.0406 6.5083 5.4889 
(b) Trehalose - NaCl Water System 
Cone. Temperature (K) 
(M) 293.15 298.15 303.15 308.15 313.15 318.15 323.15 328.15 333.15 
0.018 10.2723 9.1215 8.1638 7.6532 7.3663 7.4064 5.9456 6.0653 4.9521 
0.038 10.4399 9.9021 8.9581 8.3244 8.3477 7.9082 6.9271 6.3768 5.3541 
0.048 10.7003 9.9512 8.7954 7.8691 7.3813 6.9206 6.1791 6.1910 5.3698 
0.058 14.5636 13.8182 13.3587 12.0433 12.0588 11.0727 8.5334 8.4169 7.840 
(c) Trehalose - NaCl - Ovalbumin Water System 
Cone. Temperature (K) 
^^^ 293.15 298.15 303.15 308.15 313.15 318.15 323.15 328.15 333.15 
0.018 12.0039 9.8760 8.3215 7.3190 6.8337 6.5609 5.7592 5.5242 4.9286 
0.038 11.6330 10.0753 8.6291 7.5214 6.8443 6.5750 5.5681 5.5428 4.9482 
0.048 12.2678 11.1026 8.9493 8.1213 7.3453 6.9908 6.0576 6.0652 5.4511 
0.058 12.7966 11.7227 9.9771 8.6187 7.8413 7.5023 6.1569 5.9645 4.9565 
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Figure 2 : Plot of viscosity (T)) as a function of concentration at different 
temperatures for the following systems 
(a) Trehalose-Water system 
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(C) Trehalose-NaCl-Ovalbumin system 
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Table 7: Specific viscosity values r^ sp of trehalose as functions of temperature 
and concentration for the following systems. 
(a) Trehalose - Water System 
Cone. Temperature (K) 
(M) 293.15 298.15 303.15 308.15 313.15 318.15 323.15 328.15 333.15 
0.018 0.0003 0.0220 0.0499 0.0134 0.0591 0.0838 0.0351 0.1008 0.0426 
0.038 0.0053 0.0497 0.1052 0.0714 0.1814 0.1544 0.0901 0.2039 0.1492 
0.048 0.1060 0.1394 0.2063 0.1258 0.1085 0.0887 0.0222 0.1053 0.0466 
0.058 0.1123 0.1456 0.1368 0.1583 0.2474 0.3123 0.2876 0.2913 0.1766 
(b) Trehalose - NaCI Water System 
Cone. Temperature (K) 
(M) 293.15 298.15 303.15 308.15 313.15 318.15 323.15 328.15 333.15 
0.018 0.2518 0.0244 0.0236 0.6383 0.1282 0.2426 0.0910 0.2034 0.0615 
0.038 0.0419 0.1121 0.1232 0.1571 0.2785 0.3268 0.2668 0.2652 0.1477 
0.048 0.0679 0.1176 0.1028 0.0938 0.1305 0.1611 0.1300 0.2283 0.1510 
0.058 0.4534 0.5519 0.6750 0.6740 0.8469 0.8578 0.5606 0.6700 0.6806 
(c) Trehalose - NaCl - Ovalbumin Water System 
Cone. Temperature (K) 
^^^ 293.15 298.15 303.15 308.15 313.15 318.15 323.15 328.15 333.15 
0.018 0.1980 0.1091 0.0434 0.0173 0.0466 0.1008 0.0532 0.0960 0.0656 
0.038 0.1609 0.1315 0.0820 0.0455 0.0483 0.1031 0.0183 0.0997 0.0607 
0.048 0.2243 0.2469 0.1221 0.1289 0.1250 0.1729 0.1078 0.2034 0.1685 
0.058 0.2771 0.3165 0.2510 0.1980 0.2010 0.2587 0.1259 0.1834 0.0624 
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Table 8: Reduced viscosity values Tired (ml/gm) as functions of temperature 
and concentration for the following systems. 
(a) Trehalose - Water System 
Cone. Temperature (K) 
(M) 293.15 298.15 303.15 308.15 313.15 318.15 323.15 328.15 333.15 
0.018 0.01723 1.2254 2.7771 0.7486 3.285 4.6563 1.9500 5.6014 2.3671 
0.038 0.1411 1.3089 2.7699 1.8803 4.7738 4.0653 2.3716 5.2704 3.9284 
0.048 2.2089 2.9050 4.2992 2.6216 2.2622 1.8480 0.4638 2.1944 0.9712 
0.058 1.9364 2.5111 2.3595 2.7304 4.2670 5.3861 4.9586 5.0232 3.0450 
(b) Trehalose - NaCl Water System 
Cone. Temperature (K) 
(M) 293.15 298.15 303.15 308.15 313.15 318.15 323.15 328.15 333.15 
0.018 1.3998 1.3575 1.3156 3.5466 7.1262 13.4832 5.0564 11.3018 3.4192 
0.038 1.1028 2.9500 3.2441 4.1351 7.3306 8.6021 7.0223 6.9800 3.8872 
0.048 1.4146 2.4503 2.1432 1.9550 2.7196 3.3578 2.7094 4.7579 3.1476 
0.058 7.8181 9.5158 11.6392 11.6220 14.6029 14.7905 9.6656 11.5523 11.7346 
(c) Trehalose - NaCI - Ovalbumin Water System 
Cone. Temperature (K) 
^^^ 293.15 298.15 303.15 308.15 313.15 318.15 323.15 328.15 333.15 
0.018 11.0007 6.0648 2.4142 0.966 2.5928 5.6012 2.9587 5.3377 3.1399 
0.038 4.2364 3.4617 2.1586 1.1979 1.2710 2.7157 0.4821 2.6255 1.5979 
0.048 4.6735 5.1444 2.5452 2.6855 2.6049 3.6034 2.2463 4.2379 3.5105 
0.058 4.7775 5.4581 4.3285 3.4145 3.465 4.4618 2.1722 3.1628 1.0775 
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Figure 3 : Reduced Viscosity (tired) as a function of concentration at different 
temperatures for the following systems 
(a) Trehalose-Water system 
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(C) Trehalose-NaCl-Ovalbumm Water system 
•o 
O 
u 
3 
12-1 
10-
8-
6-
4 -
2 
- I — I — I — I — I — I — I — I — I — I — 
0.01 0.02 0.03 0.04 0.05 0.06 
Concentration ( f^  ) 
38 
Table 9: Intrinsic Viscosity values T|rcd (ml/gm) as a function of 
temperature. 
Temperature Trehalose-Water Trehalose NaCl- Trehalose-NaCl-
(K) System Water System Ovalbumin-
Water System 
293.15 
298.15 
303.15 
308.15 
313.15 
318.15 
328.15 
338.15 
333.15 
1.2251 
0.3727 
2.8604 
0.1292 
3.7891 
4.3042 
0.5634 
6.1351 
2.6940 
2.3045 
2.7349 
3.8407 
0.6057 
3.4420 
11.9496 
3.4222 
10.2166 
5.4713 
3.0969 
5.5419 
1.2359 
0.4873 
1.6197 
3.3780 
3.5626 
5.6705 
5.6949 
JV 
Figure 4 : Plot of Difference in Intrinsic Viscosity (AT)) of Trehalose-N^l-Water 
system and Trehalose-NaCl-Ovalbumin-Water system as a function of temperature. 
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CHAPTER 3 
Conductance and 
Walden Product 
40 
Introduction: 
The ability of Trehalose to preserve the structure and function of 
biomolecules in aqueous glassy matrices is well known [55-56]. 
Most biological systems of interest contain ionic solutes, 
unfortunately available studies of Trehalose solutions have not examined 
the effect of such solutes in systematic manner 
This lack of information has motivated us to study ionic mobility 
and how ionic solutes modify the thermophysical properties of Trehalose 
solutions. Non-complexing salts such as NaCI were found to have only a 
minor effect on these properties. Therefore we measured the conductivity 
of solutions of Trehalose containing NaCl and ovalbumin and compared 
it with the conductivity of solution of Maltose containing NaCl and 
ovalbumin. 
It was suggested that Trehalose's protective efficiency is a result of 
its evaluated glass transition temperature Tg in comparison of other 
disaccharides. 
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Result and discussion: 
The data of equivalent conductance, viscosity and Walden product 
of Trehalose in NaCl and in Ovalbumin solution of different 
concentration are shown in tables from 10 to 13. 
The equivalent conductance has been studied as a function of 
temperature and concentration of stabilizer (Trehalose) in NaCl-water-
system. The effect of stabilizer has been measured to know the extent of 
stabilization and structural changes in protein. We know that Trehalose is 
a disaccharide that has a high H-bonding affinity, this may replace the 
water molecules close to the protein surface. It has a high glass transition 
temperature hence the expectation is that the conductance of a protein 
may decrease while viscosity of the same increases in Trehalose 
environment because the rigidity of protein is increased as indicated by 
our data (table 11 & figure 5). The figure indicate a decrease in 
equivalent conductance due to stabilization of protein upto certain value 
of equivalent conductance of Trehalose (say in between 0.038: M to 
0.048: M ), but after this value some other factors may be 
dominating in comparison to mobility of ions. As we know in such 
systems, structures are formed involving high fraction of water molecule 
hydrogen bonded both to the protein and to the sugar OH group [57]. At 
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0.038 LH) of Trehalose, number of water molecules bound to 
protein gives a clue to understand why despite the larger total water 
content, a dramatic inhibition of protein dynamics occurs after that 
concentration and at higher temperature (higher than 308.15 °K), a 
decrease in conductance takes place due to denaturation of protein and 
absence of di ssociated species. Figure 5 also reflect the different 
behaviours of the sample before and after 308.15 ''K (glass transition 
temperature), after that denaturation takes place. 
According to G.Palazzo [58], a protein assumes an extremely large 
number of conformational states, which reflects complex energy, 
landscapes by continous jumps among different conformations. He 
pointed out this conformational flexibility is intimately related with 
protein reactivity. 
Austin e.tal [59] gave an idea of interplay between protein 
dynamics and reactivity as fimction of temperature. The same fact is 
reflected in figure [6]. The value of equivalent conductance is found to be 
lowest in between 320.15 and 330.15 ^ for 0.058 (M) , which is 
indicative of lowest mobility or appearance of solid phase or glass. [33]. 
As seen in the tables from [10-11] the conductance of an 
electrolytic solution increase v/ith increase in temperature. This is 
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because the average kinetic energy of ions that carry electric current 
mcreases as the temperature rises and with increase in Trehalose 
concentration, the equivalent conductance decreases owing to the 
increase of viscosity. This is a consequence of the increase of the viscous 
friction, which can be described by Walden product (Ar|). The Walden 
product of Trehalose in NaCl and in Ovalbumin solutions decreases with 
increase in Trehalose concentration as shown in table 13. 
Walden product is relatively insensitive to temperature, it 
decreases only slightly as temperature increases. This behaviour confirms 
that the dissociation of NaCl at low temperature is complete [24]. 
Walden product (Ar|) Versus Temperature graphs are plotted for 
solutions and the plots are about linear as shown in figure 8. The curve at 
the concentration of Trehalose (0.048 M ) in NaCl-water system 
indicate a sharp change (increase in viscosity) at 298.15 ^ , which is the 
reflection of Tg of Trehalose in NaCl [fig 8(a)]. 
If we compare the difference in equivalent conductance of 
Trehalose-NaCl-Ovalbumin system with Trehalose-NaCl system for a 
given sample plotted as a function of concentration of stabilizer as in 
figure 5. As shown in figure each curve except one has shown minima, 
this minimum indicates concentration for glass formation .fobfAcl ~0T\ 
44 
0.038 (Mjp.OifB i^^ } for all nine temperatures as indicated by 
pronounced change in conductance. If we compare the same system for a 
given sample as a function of temperature shown in figure 6, it is a 
reflection of different conformational states of protein solutions as 
reported by G.Palazzo e.tal [50]. 
The values of Tg obtained for Ovalbumin in presence of Trehalose 
using two different techniques viscosity and conductance have been 
compared in table 12[figure 7(a-c)]. The value of Trehalose in aqueous 
solution has been calculated (301.2 °K) and it is found that the value of Tg 
of Trehalose in presence of Ovalbumin is decreased (shown in table 13) 
in the same way as reported in the literature. 
Table 10: Conductance values (S) as functions of temperature and 
concentration for the following systems 
(a) Trehalose - NaCI Water System 
Cone. Parallel Combination (1 KHz) 
(M)/ 293.15 298.15 303.15 308.15 313.15 318.15 323.15 328.15 333.15 
Temp. (K) 
0.018 0.029 0.030 0.032 0.035 0.042 0.045 0.048 0.049 0.052 
0.038 0.026 0.031 0.034 0.036 0.040 0.043 0.046 0.048 0.050 
0.048 0.026 0.031 0.031 0.036 0.042 0.046 0.048 0.052 0.055 
0.058 0.027 0.030 0.033 0.037 0.046 0.049 0.053 0.056 0.058 
(b)Trehalose - NaCl Ovalbumin Water System 
Cone. Parallel Combination (1 KHz) 
(M)/ 293.15 298.15 303.15 308.15 313.15 318.15 323.15 328.15 333.15 Temp. 
(K) 
0.018 0.030 0.031 0.034 0.037 0.040 0.043 0.045 0.048 0.051 
0.038 0.030 0.031 0.035 0.036 0.039 0.042 0.045 0.048 0.051 
0.048 0.028 0.031 0.034 0.036 0.041 0.044 0.048 0.051 0.053 
0.058 0.028 0.031 0.034 0.037 0.039 0.041 0.044 0.047 0.050 
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Figure 5: Plot of Relative Equivalent Conductance (Arei) as a function of concentration at 
different temperatures. 
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Figure 6: Plot of Relative Equivalent Conductance (Arei) as a function of Temperature 
for different concentrations. 
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(C) Plot of difference in Equivalent Condutance of Trehalos-NaCi-Ovalbumin 
Water System and Maltose NaCI Ovalbumin-water system as 
a function of temperature 
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Table 13: Walden product values (Aii) as functions of temperature and 
concentration for the following systems. 
(c) Trehalose - NaCl Water System 
Cone. Temperature (K) 
(M) 293.15 298.15 303.15 308.15 313.15 318.15 323.15 328.15 333.15 
0.018 1.6217 1.4695 1.4620 1.4785 1.606 1.733 1.486 1.600 1.317 
0.038 0.7288 0.8035 0.7779 0.7900 0.841 0.858 0.805 0.799 0.691 
0.048 0.5757 0.6398 0.5655 0.5769 0.621 0.639 0.609 0.648 0.595 
0.058 0.6757 0.7199 0.7507 0.7533 0.924 0.905 0.755 0.788 0.761 
(d)Trelialose - NaCl Ovalbumin Water System 
Cone. Temperature (K) 
^^^ 293.15 298.15 303.15 308.15 313.15 318.15 323.15 328.15 333.15 
0.018 1.9619 1.7123 1.5557 1.5076 1.417 1.465 1.347 1.381 1.310 
0.038 0.9043 0.8319 0.7830 0.6982 0.672 0.679 0.632 0.673 0.639 
0.048 0.7176 0.7112 0.6344 0.6129 0.603 0.617 0.584 0.622 0.582 
0.058 0.6152 0.6189 0.5756 0.5398 0.507 0.498 0.450 0.467 0.413 
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Figure 8 : Plot of Waklen Product (ATI) as a function of tempCTature at different Trehalose 
concoitrations for the following system 
(a) Trehalose-NaCl Water system 
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Comparison of Equivalent Conductance of non-reducing 
disaccharide with reducing disaccharide 
Trehalose a non-reducing disaccharide of glucose is synthesized by 
various molecular and cellular systems e: g plant seeds [60], spores [61]. 
In particular some species of soil dewelling organism can pass during dry 
times into a state of suspended animation involving a possible chemical 
action of Trehalose. These species can be dehydrated nondestructively 
and reversibly because of their ability to synthesize this disaccharide. 
Other sugars such as Maltose and Glucose have shown similar properties 
of protection against dehydration but Trehalose is significantly more 
effective. 
Although a lot of attention has been paid to investigate the 
bioprotective role of Trehalose, its definition at a molecular level is still 
far from resolved state. 
Other disaccharides such as Maltose and Sucrose have shown 
similar properties to protect against dehydration and freezing. Due to 
their identical molecular weight (M.W=342.3) and slight difference in 
molecular structure but different bioprotective effectiveness (as Tg of 
Ovalbumin in Trehalose is 296.73 ^ and that of Ovalbumin in Maltose is 
303.03 ^ ) , the comparative characterization of these disaccharide seems 
56 
to be one of the best way to get information on the properties which 
mostly influence the bioprotection. 
Result and discussion 
If we compare the equivalent conductance of non reducing 
disaccharide (Trehalose) with reducing disaccharide (Maltose) we found 
that Trehalose show higher value of equivalent conductance in 
comparison to Maltose as shown in table M.The nature of equivalent 
conductance versus Temperature plots of both of these solutions 
(Ovalbumin in Trehalose and that in Maltose) were found to be similar to 
the strong electrolytes (Figure 9) and showing more stability of protein in 
Maltose at 0.058 (M). 
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Figure 8 : Plot of Equivalent conductance (A) as a function of Temperature for the 
following systems at the same concentration 
(a) Trehalose-NaCl-Ovalbumin Water system 
(b) Maltose-NaCl-Ovalbumin Water system 
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Introduction 
The thermodynamic stability of the native structure of protein has 
proved to be one of the great challenges in biochemistry and currently 
remains the subject of extensive investigation [62]. 
In an idealistic approach, the thermodynamic information would be 
obtained by measuring the changes associated with the unfolding of the 
protein, from its native state to a reference state. 
Corradine e.tal [12] and Palepu [11] have calculated the various 
thermodynamic parameters by least square fitting of the densities and 
viscosities data to empirical equations stating their dependence on 
temperature and composition of the mixture. These parameters suggest 
the type and strength of interaction between components of mixture. 
Palepu e.tal calculated such thermodynamic parameters for the 
binary acid mixtures, while Corradine and coworkers obtained these for 
the binary mixtures of alcohols. 
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Theory 
The energies of stabilization AG*stab for viscous flow of the 
Trehalose systems were calculated by using the Eyring viscosity equation 
[63]. 
Ti=hNA^. e^ «*'^ ^ (1) 
Where 
H= Plank's constant 
N=Avagadro's number 
R =Universal gas constant 
T=Absolute temperature 
Vm=Molar volume of the mixture 
The energies of stabilization AG*stabfor viscous flow of the 
Trehalose-systems at the different temperatures are obtained by using the 
equation 
AG*stab=AH* -TAS* (2) 
Where AH and AS are the enthalpy and the entropy of activation of 
viscous flow. 
From equation (1) and (2) 
AG* = RTln(TiVJ(hN)) 
6 i 
The values of AH* and AS* can be obtained by least square fitting. By 
plotting RlnT|Vm/(hN) Vs 1/T^  we found that the plots show a linear trend. 
(Figure 10). From these linear plots AH* values were obtained from the 
slopes while AS* values from the intercepts. By putting the values of AH* 
and AS* in equation (3) we can calculate the free energy of stabilization 
AG*stab at different temperatures. 
Result and discussion 
One major factor for folding of Protein is the change in entropy. It 
is known that the highly ordered folded polypeptide has smaller entropy 
than that of a random unfolded polypeptide. This decrease in entropy is 
referred to as conformational entropy of folding. This pushes the free 
energy of the folding process towards the positive side making the 
folding process less favorable. 
The hydrophobic effect is another contribution, arising from the 
uncharged nonpolar groups of protein. The interaction of such groups 
with water causes an organization of the water molecules around the 
group, depriving the water of hydrogen bonds and reducing its entropy. 
So the energetics of the folding process can be seen as the balance 
of three contributing elements, there is a negative contribution from the 
conformational entropy making the free energy of the process more 
6X 
positive, and a positive contribution from the enthalpy change of the 
process largely from the electrostatic interactions in the ft)icied state 
making the free energy of the process more negative and finally there is a 
contribution making the free energy of the process more negative. 
There are three contributions to the free energy of the process, 
1. First is the contribution from conformational entropy. 
2. Second is a contribution to the enthalpy, which arises through a 
number of electrostatic interactions which favours folding over 
the denatured state. 
3. Third is a favourable effect on the entropy of the process by the 
hydrophobic forces also. The free energy change is the measure 
of stability of protein indicated in table 17. 
The values of R In (TiVm/(hN)) are summarized in table 15 (a-c). 
From these values AH* and AS* are obtained by using equation (4) and 
its values are listed in table 16. The values of R In (riVm/hN) decreases 
with increasing temperature and given value of AH* and AS*. The value 
of AH* and AS* are positive and increases with increase in concentration 
as shown in table 16 (a-c). The values of free energy of stabilization 
AG*stab for viscous flow of Trehalose systems were shown in table 17 (a-
c). In all the three systems AG*stab is negative means the process will be 
highly spontaneous and fast, i.e. the free energy factor opposes the 
6 3 
process but randomness factor favours it. We found that the plots (figure 
11) of free energy AG*stab versus temperature shows linear trend. In fig 
11(c) free energy change versus temperature plots shows a sharp change 
at 298.15 ^ , which also confirm the glass formation at the same 
concentration 0.0584M )_ of Trehalose with Ovalbumin. The glass 
formation takes place when dAG/dt or AS-^0 for that stabilizer. 
This free energy change at a particular temperature is the measure 
of conformational stability of the protein at that temperature. The 
biological significance of relatively low AG*s,ab is the requirement for a 
well balanced compromise between rigidity and flexibility this ensuring a 
proper function of the protein. 
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Table 15: Rln(^ ^^— )^(Jmor') Vs— as functions of temperature and 
hN T 
molality for the following systems. 
(a) Trehalose - Water System 
1 /Tx 10"^  Molality (mol/kg) 
0.0181 0.0384 0.0487 0.0587 
3.4129 138.51 144.76 147.53 149.31 
3.3557 137.73 144.16 146.81 148.37 
3.3003 137.05 143.69 146.39 147.41 
3.2467 135.91 142.59 144.98 146.72 
3.1948 135.49 142.62 144.06 146.55 
3.1446 134.94 141.69 143.17 146.24 
3.0959 133.85 140.51 141.94 145.38 
3.0487 133.70 140.68 141.93 144.75 
3.0030 132.62 139.67 140.85 143.35 
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(b) Trehalose - NaCI Water System 
1 /Tx 10'^  Molality (mol/kg) 
0.0181 0.0384 0.0487 0.0587 
3.4129 138.32 144.57 146.98 145.89 
3.3557 137.36 144.29 146.40 145.48 
3.3003 136.46 143.47 145.39 145.22 
3.2467 135.95 142.88 144.48 144.38 
3.1948 135.64 142.92 143.97 144.41 
3.1446 135.72 142.49 143.46 143.72 
3.0959 133.91 141.40 142.53 141.69 
3.0487 134.10 140.73 142.57 141.49 
3.0030 132.44 139.30 141.41 140.92 
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(c) Trehalose - NaCl Ovalbumin Water System 
1 /Tx 10'^  Molality (mol/kg) 
0.0181 0.0384 0.0487 0.0587 
3.4129 139.62 145.66 148.05 150.06 
3.3557 138.02 144.48 147.24 149.35 
3.3003 136.62 143.21 145.46 148.03 
3.2467 135.57 142.08 144.67 146.83 
3.1948 134.68 141.31 143.85 146.06 
3.1446 134.71 140.99 143.46 145.71 
3.0959 133.64 139.63 142.28 144.09 
3.0487 133.22 139.61 142.31 143.84 
3.0030 132.39 138.68 141.44 142.32 
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Figure 10 : Plot of Rln (riVm/hN) as a function of 1/T"^  for the foltowing systems 
(a) Trehalose-Water system 
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(b) Trehalose-NaCl Water system 
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(C) Trehalose-NaCl-Ovalbumin Water system 
_a 
> 
150-
148-
146-
144-
142-
140-
138-
136-
134-
132-
T — • ' ' 
• - - • - • ^ 
• 
l - ' 
r • 1 • 1 
3.0 3.1 3.2 
-•-
- • -
.4 
- • -
- ^ - ^ ^ - ^ 
A 
M'^ 
' 1 ' 
-0.0176 T ' O i . ,) <'j 
- 0 0375 _ ^ 
00475 
-00581 
' • 
« 
^% 
^1 
T • 
3.3 3.4 
lAT^ 
69 
Table 16: Entropy AS (J mol'^k"') and enthalpy A H ( K J mol"') as a 
function of molality for the following systems. 
(a) Trehalose - Water System 
Molality (mol/kg) 
0.0181 
0.0384 
0.0487 
0.0587 
AS* 
90.71 
102.66 
89.95 
105.65 
(b) Trehalose - NaCl Water 
Molality (mol/kg) 
0.0177 
0.0374 
0.0482 
0.0423 
(c) Trehalose -
Molality (mol/kg) 
0.0176 
0.0375 
0.0475 
0.0581 
AS* 
95.41 
104.93 
101.86 
102.74 
System 
AH* 
14.00 
12.37 
16.94 
12.74 
AH* 
12.54 
11.72 
13.20 
12.79 
- NaCl Ovalbumin Water System 
AS* 
82.84 
88.62 
93.21 
87.42 
AH* 
16.41 
16.59 
15.96 
18.38 
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Table 17: The values of free energy of stabilization kJ mof' as functions of 
molality and temperature for the following systems. 
(a) Trehalose - Water System 
Molality Temperature (K) 
(MolAg) 293.15 298.15 303.15 308.15 313.15 318.15 323.15 328.15 333.15 
0.0181 -295.58 -290.39 -285.37 -280.50 -275.80 -271.24 -266.82 -262.54 -258.4C 
0.0384 -337.99 -332.12 -326.43 -320.93 -315.60 -310.45 -305.45 -300.60 -295.91 
0.0487 -290.05 -284.90 -279.92 -275.10 -270.43 -265.91 -261.53 -257.29 -253.1-/ 
0.0587 -347.83 -341.78 -335.93 -330.27 -324.79 -319.48 -314.34 -309.35 -304.52 
(b) Trehalose - NaCl Water System 
Molality Temperature (K) 
(Mol/kg) 293.15 298.15 303.15 308.15 313.15 318.15 323.15 328.15 333.15 
0.0177 -313.08 -307.62 -302.34 -297.22 -292.27 -287.48 -282.83 -278.33 -273.97 
0.0374 -346.39 -340.39 -334.58 -328.95 -323.51 -318.24 -313.13 -308.18 -303.38 
0.0482 -334.43 -328.61 -322.61 -317.50 -312.12 -307.10 -302.14 -297.34 -292.68 
0.0423 -337.85 -331.97 -326.28 -320.77 -315.44 -310.28 -305.28 -300.43 -295.73 
(c) Trehalose - NaCI Ovalbumin Water System 
Molality Temperature (K) 
(Mol/kg) 293.15 298.15 303.15 308.15 313.15 318.15 323.15 328.15 333.15 
0.0176 -266.31 -261.57 -256.98 -252.54 -248.24 -244.08 -240.05 -236.14 -232.25 
0.0375 -285.86 -280.79 -275.88 -271.3 -266.53 -266.08 -257.76 -253.58 -249.53 
0.0475 -302.15 -296.82 -291.66 -286.66 -281.82 -277.14 -272.60 -268.20 -263.94 
0.0581 -279.97 -247.97 -270.13 -265.44 -260.90 -256.52 -252.26 -248.13 -244.14 
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Figure 11 ; Plot of Free Energy (AG*) as a function of temperature for the following 
systems 
(a) Trehalose-Water system 
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(C) Trehalose-NaCl-Ovalbumin Water system 
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